Objectives: To assess the validity of FAO data on the availability of fish and vegetable oils as an indicator of national n-3 fatty acid (FA) intake and to estimate the worldwide population living in countries with low n-3 FA intake. Design: Levels of the essential FA a-linolenic acid (ALA) and DHA, measured by GC in adipose tissue from participants in the present study and from published studies in eleven other countries, were used to validate ALA and fish availability estimated from FAO food balance sheets. On the basis of the validated FAO data for ALA and fish availability, we estimated the global prevalence of low n-3 FA availability. Setting: Rural and urban areas of Bulgaria. Subjects: Fifty men and fifty-eight women. Results: Adipose tissue ALA and DHA levels (0?34 % and 0?11 % of total FA, respectively) in Bulgaria were lower than those of the eleven other countries with available data. A strong positive correlation was found between adipose tissue DHA and fish availability (r 5 0?88) and between adipose tissue ALA and ALA availability (r 5 0?92). Approximately half of the world's population lived in middle-and low-income countries with limited access to n-3 FA (fish , 400 g/week and ALA , 4 % of total vegetable oils), with the largest proportion being in South-East Asia (53?6 %), followed by Africa (27?1 %) and Eastern Europe (8?5 %). Of this half, 33 % lived in countries such as Bulgaria where n-3 FA was almost unavailable (fish , 200 g/week and ALA , 2 % of total vegetable oils). Conclusions: Very low availability of n-3 FA is extensive worldwide.
n-3 Fatty acids (FA), also known as omega-3 FA, are a family of PUFA that have their last double bond in the third position from the methyl end of the FA molecule. a-Linolenic acid (ALA), an essential 18-carbon n-3 FA, is found mainly in vegetable oils such as soyabean, rapeseed and flaxseed. The longest chain n-3 FA EPA and DHA are found mainly in fish, but they can also be obtained through metabolic conversion from ALA (1, 2) . n-3 FA are likely to exert multiple health benefits (recently reviewed by Riediger et al. (3) ). Numerous clinical, epidemiological and experimental studies show that they are likely to reduce risk of CVD (4) and could be implicated in the prevention of other diseases including some cancers (3) . n-3 FA also play an important role in brain structure and function and low levels have been associated with mood disorders (5) . In addition, optimal levels of n-3 FA are required for normal fetal and postnatal development (6, 7) . Improved visual acuity, psychomotor development and cognitive function have been observed with n-3 FA supplementation (6) (7) (8) .
WHO (9) recommends intake of one to two fish meals per week (, 400-1000 mg EPA 1 DHA) (10) , but intake is likely to be insufficient in many regions of the world (11) . A study that evaluated long-chain n-3 FA availability in thirty-eight countries using FAO food balance sheets found marginal availability for most countries, with Bulgaria, Romania and Hungary having the lowest availability (11) . Similar analyses and WHO recommendations for ALA are not available, but countries with low availability of both ALA and long-chain FA would likely be the most vulnerable to the diseases described above and would benefit the most from increased n-3 FA intake.
The present study was designed to confirm the low availability of n-3 FA in Bulgaria (11, 12) by measuring levels of n-3 FA in adipose tissue, which provides an excellent biomarker of n-3 intake (13) . We then used these and published measurements of adipose FA from other countries to validate the calculated national availability of fish and ALA in vegetable oils using food balance sheets from the FAO. Because the validity of calculated availability was high, we used the FAO data from 168 countries to estimate the world wide prevalence of low access to foods containing n-3 FA.
Subjects and methods
A total of fifty men and fifty-eight women living in urban or rural areas of Bulgaria participated in the present study. Subjects were randomly selected from population lists available at health-care units of the centralized government health-care system. All subjects aged 25-65 years were eligible to participate. General health practitioners contacted potential participants by telephone. Of those contacted, 82 % agreed to participate. Data collected included age, height, weight, blood pressure, smoking habits and dietary intake using one 24 h recall. A subcutaneous adipose tissue aspiration was collected from the upper buttock with a 16-gauge needle and disposable syringe following methods previously used in over 3600 participants from a case-control study in Costa Rica (14, 15) . Samples were immediately placed in a cooler with ice packs at 48C and immediately transported to the laboratory. Approximately 2 mg of adipose tissue was stored in Wheaton brosilicate glass vials with solid Teflon caps containing approximately 1 ml hexane:isopropanol. Samples were stored at 2808C, and within 2 weeks they were transported over dry ice to the Harvard School of Public Health for analysis. FA in adipose tissue was quantified by GLC as described previously (13) . Peak retention times and area percentages of total FA were identified by injecting known standards (NuCheck Prep, Elysium, MN, USA), and analysed with Agilent Technologies ChemStation A.08?03 software (Santa Clara, CA, USA). The SAS statistical software package version 9?1 (SAS Institute Inc., Cary, NC, USA) was used for data analysis, and all participants gave informed consent on documents approved by the Human Subjects Committee of the Harvard School of Public Health (Boston, MA, USA) and the Center for Public Health Protection (Sofia, Bulgaria).
Data from FAO food balance sheets for 2003 (16) were used to estimate fish in g/person per d, ALA as a percentage of total vegetable oil and type of oil as a percentage of total vegetable oil for 168 countries with available data. The fish and seafood category that includes freshwater fish, demersal and pelagic fish, other marine fish, crustaceans, cephalopods, molluscs and others was used. Total vegetable oil (g/person per d) was calculated as the sum of the following categories: soyabean oil, rape 1 mustard seed oil, groundnut oil, sunflower oil, cottonseed oil, palm kernel oil, palm oil, coconut oil, sesame seed oil, olive oil, ricebran oil, maize germ oil and other oil crops. ALA was calculated as the sum of soyabean oil (g/person per d) 3 0?07 and rape 1 mustard seed oil (g/person per d) 3 0?09 divided by total vegetable oil (17) . The International Database from the US Census Bureau (18) was used to estimate the population of each country with available fish and vegetable oil data. ALA and fish availability data from FAO food balance sheets were validated using published adipose tissue ALA and DHA data from nine countries that participated in the European Multicenter Case-Control Study on Antioxidants, Myocardial Infarction and Cancer (EURAMIC) (19) (Finland, Germany, Israel, Netherlands, Norway, Russia, Spain, Switzerland and the UK), as well as from Costa Rica (15) , USA (20) and Bulgaria (the present study). The FA analyses for USA, Costa Rica and Bulgaria were conducted in the same laboratory and the methodology was comparable to that used in the EURAMIC study. For the present validation study, we used FAO data from the year in which the samples were collected. The world health report of WHO was used to estimate CVD mortality data (21) .
For data presentation in Figs 2 and 3, countries were divided into two groups on the basis of their ranking for combined fish and ALA availability. The first group (low n-3) included countries with very low fish and very low ALA (fish , 200 g/week and ALA , 2 % of total vegetable fat) and those with low fish and low ALA (fish 200-400 g/week and/or ALA 2-4 % of total vegetable fat). The second group (high n-3) included countries with low fish and high ALA (fish , 400 g/week and ALA . 4 % of total vegetable fat), countries with high fish and low ALA (fish . 400 g/week and ALA , 4 % of total vegetable fat) and those with both high fish and high ALA (fish . 400 g/week and ALA . 4 % of total vegetable fat). The FAO fish availability cut-off point of 400 g/week was selected to represent mean population intake levels of approximately one portion per week or the lower limit for international recommendations to prevent n-3 FA deficiency (one to two fish meals per week) (10) . To estimate approximate intake based on FAO availability, we used national fish intake data from the Environmental Protection Agency in the USA (22) , where the average fish intake of 107 g/week (, 1?3 portions of 84 g) corresponds to FAO fish availability of 406 g/week. The ALA availability cut-off point of 4 % of total vegetable oils was selected to represent mean population intakes of approximately 1?4 g/d or the lower limit for international recommendations (1?4-3?0 g/d) (23) . To estimate approximate ALA intakes based on FAO availability we used data from the Costa Rica Heart Study, in which FAO ALA availability of 4?03 % corresponds to a mean daily ALA intake of 1?3 g/ 8368 kJ (2000 kcal) or 3?3 % of total vegetable oil (15) .
In addition to the groups described above, countries were grouped into nine regions for data presentation in Table 2 : Eastern Europe including central, northern and southern regions; Europe (Western region); Central Asia; South-East Asia; the Middle East; Africa; Oceania; Latin America including the Caribbean; and North America. Estimates for CVD mortality, type of oil and fish were weighted by the population. Table 1 shows the general characteristics, dietary intake and adipose tissue FA of the Bulgarian participants. The average age and BMI were 46 years and 29?4 kg/m 2 for men and 42 years and 26?7 kg/m 2 for women, respectively. All participants reported using sunflower oil for cooking, except one who used olive oil. Total fat provided 36 % of energy (13 % SFA, 11 % MUFA and 12 % PUFA). ALA levels of adipose tissue were 0?34 % of total FA in men and women, whereas EPA and DHA levels were 0?14 % and 0?12 % of total FA in men and 0?12 % and 0?10 % of total FA in women, respectively. Figure 1 (a) shows the association between ALA availability as a percentage of total vegetable oil and adipose tissue ALA in twelve countries. A strong correlation was observed between FAO ALA estimates and corresponding adipose tissue levels (r 5 0?92). Bulgaria had the lowest ALA availability (1?1 % of total vegetable oil) and the lowest ALA in adipose tissue (0?34 % of total FA). Norway, the USA, Israel and Finland had the highest ALA availability and ALA in adipose tissue. Figure 1(b) shows the association between adipose tissue DHA and fish availability (in g/person per week) in twelve countries. Fish availability estimates from FAO were strongly related to adipose tissue DHA (r 5 0?88). Bulgaria had the lowest fish availability (57 g/person per week) and DHA levels in adipose tissue (0?11 % of total FA). The highest fish availability and DHA levels in adipose tissue were found in Norway. Figure 2 (a) shows fish and ALA availability for countries in the high n-3 group. Large differences in n-3 FA availability were observed among the countries. The smallest group (0?46 billion people) consisted of countries with high fish but low ALA availability. Mediterranean countries, some densely populated countries such as Malaysia, Thailand and the Philippines, as well as small islands, were found in this group. A large proportion of the population, including China, the USA and Japan, lived in countries with both high fish and ALA availability (1?9 billion people). Within these two high fish groups, fish availability ranged from 406 g/week in the USA to 1742 g/week in Samoa, but most of the population within these two groups lived in countries with fish availability between 400 and 800 g/week. Approximately 0?9 billion people lived in countries with low fish and high ALA availability, including Brazil, Mexico and Bangladesh. The highest ALA availability (.7 %) was found in Poland, the Czech Republic, Latvia and Cuba, whereas the lowest was found in Costa Rica. Figure 2 (b) shows countries in the low n-3 group. Approximately 3?1 billion people lived in these countries, the most populated being India, Indonesia, Pakistan, Nigeria and Russia. Countries with the lowest fish and ALA availability, representing a total of 1?05 billion people, are shown in the grey shaded area. Figure 3 illustrates the worldwide distribution of n-3 FA availability and Table 2 shows the type of oil as a percentage of total vegetable oil, fish availability and CVD mortality by geographical region and low n-3 or high n-3 groups. A large proportion of the population with very low (marked in black) or low (marked in hatched dark grey) fish and ALA availability (low n-3) lived in South-East Asia (53?6 %), Africa (27?1 %) and Eastern Europe (8?5 %). Within this group, palm oil was the main type of oil available in South-East Asia (48?2 %) and Africa (40?8 %), whereas sunflower oil was the predominant oil type available in Eastern Europe (82?8 %). Fish availability was 150 g/week in South-East Asia, 127 g/week in Africa and 277 g/week in Eastern Europe. ALA was ,2 % for all. Most of the population in the high n-3 group lived in South-East Asia (57 %), Latin America (13?4 %) and Europe (11?2 %), but the sources of n-3 (vegetable oil v. fish) varied between these regions. Availability of both fish and ALA was high in South-East Asia (524 g/week and 4?9 %, respectively). In contrast, Latin America had low fish availability (207 g/week) and high ALA availability (5?3 %), whereas Europe had high fish (523 g/week) and low ALA availability (3?8 %). The main type of oil available was soyabean oil in South-East Asia (41?7 %) and Latin America (62?9 %), whereas similar proportions of 
Results

Discussion
We estimated ALA and fish availability in 168 countries using validated data from FAO food balance sheets. Fish and ALA availability in Bulgaria was among the lowest in the world, a finding consistent with the low ALA and DHA levels in adipose tissue. Approximately 3?1 billion people lived in countries with low fish and ALA availability, and 33 % of these lived in countries such as Bulgaria where fish and ALA were almost unavailable. This large segment of the world's population is likely to have serious consequences because of n-3 FA insufficiency.
Most of the population with low fish and ALA availability lives in middle-and low-income countries in South-East Asia (53?6 %), followed by Africa (27?1 %) and Eastern Europe (8?5 %). Average fish availability in these regions ranged between 29 and 277 g/week, and the main oils available were palm oil in South-East Asia and Africa and sunflower oil in Eastern Europe. None of these oils contain ALA, but the levels of other FA vary substantially. For example, sunflower oil is high in linoleic acid (69 %) and low in SFA (12 %), whereas the opposite is observed in palm oil (10 % and 50 %, respectively). Consistent with these data, Bulgarian participants almost exclusively used sunflower oil, and the content of linoleic acid in adipose tissue was considerably higher (25 % of total FA) than in other populations in which palm oil was highly used, such as Costa Rica (16 % of total FA) (13) . Fig. 1 Correlation between (a) adipose tissue a-linolenic acid (ALA; % total fatty acids) and ALA availability (% total vegetable oil); and (b) adipose tissue DHA and fish availability (in g/person per week). Availability data were obtained from FAO food balance sheets in twelve countries with available adipose tissue ALA and DHA. Previously published average adipose tissue data were used for Finland, Germany, Israel, the Netherlands, Norway, Russia, Spain, Switzerland and the UK (19) , as well as for Costa Rica (15) and the USA (20) Our finding that Bulgaria and forty-six other countries have almost no access to n-3 FA is of great concern. n-3 FA are required to achieve optimal pregnancy outcomes and infant development (8, 24, 25) . Assuming the estimates of intake described in the methods section, fish availability in Bulgaria (57 g/week) would correspond to an average intake of less than one portion per month, and ALA availability (1?1 % of total vegetable oils) would correspond to an intake of ,0?5 g/d. These intakes are consistent with our finding showing that Bulgaria had the lowest ALA and DHA adipose tissue levels compared with twelve other countries. Therefore, it is likely that most of the population in Bulgaria and other countries with comparable availability do not consume any of the major sources of n-3 FA. The detectable levels of DHA and ALA in adipose tissue in Bulgarians are likely to reflect other sources that provide small amounts of n-3 FA, such as diary products, meat, green leafy vegetables and walnuts. These food sources were not considered in the estimates of ALA intake in the present study, but our data suggest it is unlikely that these sources are enough to meet current recommendations. The inadequate availability of n-3 FA could also be an important determinant of chronic disease, including mental, neurological and immunological disorders, cancer and CVD (3) . Clinical trials show that long-chain n-3 FA reduce CVD, and numerous epidemiological studies have found that higher intakes of n-3 FA are associated with lower risk of CVD and, specifically, sudden cardiac death (4, 15) . In the present study, Central Asia, the region with the lowest ALA and fish availability, had the highest CVD mortality. In addition, CVD mortality in South-East Asian and Eastern European countries with high n-3 availability was approximately 50 % lower than in countries with low n-3 availability within the same region. The average adipose tissue ALA in Bulgaria is comparable to the levels found among those with the highest risk of myocardial infarction (MI) in Costa Rica (15) . Not surprisingly, regions with the lowest CVD mortality (North America, Europe and Oceania) had high n-3 availability. These observations should be interpreted with caution as the design of the present study precludes establishment of any causal links.
Adipose tissue ALA and DHA levels accessible from twelve countries including the present study were used to validate the FAO food data balance sheets. The observed strong linear relationship between ALA and fish availability estimated from FAO food balance sheets in each country, as well as adipose tissue ALA and DHA levels, indicates that estimates of n-3 availability in the present study are usually reliable indicators of intake. The validation analysis incorporated countries representing the worldwide range of fish and ALA availability. It included Norway, a country in which availability of fish and ALA is among the highest in the world, and Bulgaria, a country with one of the lowest availabilities. The validation study also included countries with high fish but low ALA availability, such as Spain, as well as those with relatively high ALA but low fish, such as Costa Rica. Yet, the twelve countries with available adipose tissue used in the validation study may not represent the quality of FAO data from all countries, and it is possible that more variation would be observed if more countries were included. For example, discrepancies between food availability and individual intake range between 0 % and 50 % within European countries. However, regardless of the uncertainties in estimating n-3 FA availability and how they relate to intake, it is clear from these results that there are marked differences in the availability of these FA worldwide and thus it is likely that a large proportion of the world population is not getting enough to meet minimum requirements.
Despite the inadequate availability of n-3 FA observed in the present study, WHO recommendations to increase fish intake are likely to be unsustainable, as fish stocks are rapidly declining and many are likely to collapse in 40 years if present trends continue (26) (27) (28) . Therefore, ALA could play an important role in meeting the n-3 requirements worldwide. For example, with regard to CVD, ecological data from Central and Eastern Europe, where fish intake is very low, show a strong linear correlation between the observed decrease in CVD mortality between 1990 and 2002 and increased ALA availability (12) . Countries that had the largest increases in ALA had the largest declines in CVD mortality. Bulgaria, the country with the smallest reduction in CVD mortality, did not increase ALA. Studies in Costa Rica and India, where intake of n-3 FA is low, show that a higher intake of ALA from vegetable oils (soyabean in Costa Rica and mustard seed in India) was associated with a 59 % and 79 % reduction in MI (15, 29) .
A limitation of the present study is that it relied exclusively on FAO availability data on vegetable oils and fish and did not incorporate modest sources of n-3 FA such as green leafy vegetables, dairy and meat products, walnuts and eggs. However, it is unlikely that these sources will provide considerable amounts to the overall population, as shown for Bulgaria. In addition, the present study did not take into account the fact that many countries, such as Iran, partially hydrogenate much of their soyabean oil, a process that destroys a large proportion of ALA (30) . Thus, ALA availability may have been overestimated in some countries. The present study also did not take the use of n-3 supplements into consideration. It is possible that the use of n-3 supplements has increased along with the use of other dietary supplements (31, 32) . It is unlikely that these changes have occurred in low-and middle-income countries as supplement use is associated with higher income, education and health concerns (33, 34) . Thus, it is unlikely that the lack of information on n-3 supplements would have affected the results of our study because these regions already have the highest n-3 availability. It should also be considered that the present study reported average intake for each country, but intake varies widely within a country. For example, in the USA, the average fish intake is 107 g/week, but 10 % of the population consumes more than 394 g/week and many consume far less than 100 g/week (22) . Finally, although the main purpose of the present study was to examine the world availability of n-3 FA, we provided information on CVD mortality by region according to n-3 availability. It is clear that many factors such as higher socio-economic status, better accessibility to health care and overall quality of the diet affect CVD mortality and the observations presented could be just attributed to chance.
In summary, about half of the world's population lives in countries where adequate sources of n-3 FA are not available. Increasing n-3 FA intake in these populations is likely to have numerous health benefits. Alternative sources of n-3 from fish will be required to meet this worldwide need.
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